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INTRODUCTION 

I n  h i s  e a r l y  s t u d i e s  on  t h e  h o t  water method o f  s e p a r a t i n g  
bi tumen from Athabasca t a r  sand ,  Clark  ( 1 - 4 )  i d e n t i f i e d  two components 
o f  t a r  sand,  t h e  f i n e  s o l i d s  c o n t e n t  and b i v a l e n t  i o n  c o n c e n t r a t i o n ,  
as b e i n g  i m p o r t a n t  v a r i a b l e s  a f f e c t i n g  t h e  degree  of s e p a r a t i o n .  H e  
a lso showed t h a t  t h e  a d d i t i o n  o f  i n o r g a n i c  b a s e s  was g e n e r a l l y  bene- 
f i c i a l  and t h a t  t h e  amount o f  mechanical  energy  impar ted  t o  the tar 
sand s l u r r y  d u r i n g  p r o c e s s i n g  w a s  i m p o r t a n t .  

a t i o n  p l a n t  which took a c h a r g e  o f  approximate ly  8 kg  o f  t a r  sand (1). 
Beaker e x t r a c t i o n s ,  which c o n s i s t e d  e s s e n t i a l l y  of s t i r r i n g  0 . 2  kg t a r  
sand w i t h  h o t  w a t e r  i n  a beaker ,  w e r e  used f o r  demonst ra t ion  p u r p o s e s ( 5 ) .  

I n  a l a t e r  s t u d y ,  S e i t z e r  ( 6 )  d e s c r i b e d  a s t i r r e d  r e a c t o r  
( c a p a c i t y  0 .2  kg o f  tar  s a n d )  which u t i l i z e d  a broad U-shaped paddle  
f o r  s l u r r y i n g  and which w i t h  p r o p e r  m a n i p u l a t i o n  o f  v a r i a b l e s  could  b e  
made t o  s i m u l a t e  p i l o t  p l a n t  e x t r a c t i o n s  ( 7 ) .  Malmberg ( 8 , 9 )  used 
t h i s  r e a c t o r  t o  f u r t h e r  s t u d y  t h e  v a r i a b l e s  i d e n t i f i e d  by Clark  a s  
w e l l  as o t h e r s .  Sepulveda  u t i l i z e d  a commercial h i g h  s h e a r  s t i r r e d  
reactor f o r  s l u r r y i n g  and  a commercial f l o t a t i o n  c e l l  f o r  t h e  separ -  
a t i o n  (10). One o f  t h e  main o b j e c t i v e s  of t h e s e  d i f f e r e n t  groups w a s  
t o  f i n d  a parameter  o r  p a r a m e t e r s  which would e x p l a i n  d i f f e r e n c e s  i n  
bi tumen y i e l d  from d i f f e r e n t  t a r  sand samples  under  s t a n d a r d  c o n d i t i o n s ,  
i n  s h o r t ,  t h e  f a c t o r s  a f f e c t i n g  t a r  sand  p r o c e s s i b i l i t y .  Although much 
u s e f u l  i n f o r m a t i o n  was g e n e r a t e d ,  t h i s  o b j e c t i v e  was n o t  f u l f i l l e d .  

This  paper  p r o v i d e s  d e t a i l s  of t h e  d e s i g n  and o p e r a t i o n  of  a 
convenient  l a b o r a t o r y  b a t c h  e x t r a c t i o n  u n i t ,  which w a s  d e s i g n e d  
s p e c i f i c a l l y  f o r  s t u d y i n g  t h e  chemica l  and p h y s i c a l  p r o p e r t i e s  of  t a r  
sand as they a f f e c t  p r o c e s s i b i l i t y .  The u n i t  was used t o  demonst ra te  
t h e  importance of  s u r f a c t a n t s  i n  t h e  h o t  water e x t r a c t i o n  p r o c e s s  and 
t o  show t h e  i n t e r r e l a t i o n s h i p  between i n o r g a n i c  b a s e s  used  a s  p r o c e s s  
a i d s  and s u r f a c t a n t s .  

D e s c r i p t i o n  of  t h e  U n i t  

d u c i b l e  y i e l d  d a t a ;  b)  b e  s e n s i t i v e  t o  changes so t h a t  a d d i t i v e s  
could  r e a d i l y  be e v a l u a t e d ;  c)  b e  v e r s a t i l e ,  so t h a t  t empera ture ,  
s t i r r i n g  rate,  e t c .  c o u l d  e a s i l y  be changed;  and d )  e s t a b l i s h  t r e n d s  
t h a t  would p a r a l l e l  t r e n d s  i n  l a r g e r  c o n t i n u o u s  u n i t s .  

v a r i a b i l i t y  o f  t h e  d e p o s i t  ( 7 ) .  I t  i s  t h e r e f o r e  n e c e s s a r y  t o  be  a b l e  
to  homogenize a r e l a t i v e l y  l a r g e  b a t c h  and u s e  p o r t i o n s  o f  t h i s  f o r  
comparat ive exper iments  y e t  t h e  sample s i z e  must n o t  be  t o o  s m a l l ,  
o t h e r w i s e  loss o f  bi tumen o n  t h e  w a l l s ,  etc.  o f  t h e  e x t r a c t i o n  
a p p a r a t u s  w i l l  become s i g n i f i c a n t .  Based o n  t h e s e  c r i t e r i a ,  a sample 
s i z e  of 0 .5  kg p e r  exper iment  w a s  chosen.  

C l a r k ' s  s t u d i e s  w e r e  c a r r i e d  o u t  i n  a l a b o r a t o r y  scale separ -  

The o b j e c t i v e  w a s  t o  d e s i g n  a u n i t  t h a t  would a )  g i v e  r e p r o -  

One o f  t h e  problems i n  d e a l i n g  w i t h  t a r  sand i s  t h e  n a t u r a l  
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D e t a i l s  of t h e  u n i t  i t s e l f  are g iven  i n  F i g u r e s  1 t o  3 .  The 
e x t r a c t i o n  cel l  is j a c k e t e d  t o  p r o v i d e  f o r  c o n s t a n t  t e m p e r a t u r e  
d u r i n g  o p e r a t i o n ;  t h e  h e i g h t  i s  s u f f i c i e n t  t o  provide  a q u i e s c e n t  
zone; and t h e  c e l l  is s q u a r e  t o  f a c i l i t a t e  s l u r r y i n g  and subsequent  
a g i t a t i o n  w i t h o u t  t h e  need f o r  b a f f l e s .  A i r  i s  added through t h e  
i m p e l l e r  s h a f t  which allows good c o n t r o l  even a t  l o w  a d d i t i o n  rates 
and avoids  problems o f  p lugging  by f i n e  s o l i d s  e x p e r i e n c e d  w i t h  o t h e r  
methods o f  a d d i t i o n ,  such  a s  a porous p l a t e .  The a i r - i n t r o d u c t i o n  
f e a t u r e  p e r m i t s  a e r a t i o n  of  t h e  s l u r r y  d u r i n g  mixing and a l l o w s  one 
t o  s i m u l a t e  t h e  secondary  recovery  s t e p  subsequent  t o  pr imary recovery ,  
p r a c t i s e d  i n  commercial u n i t s .  A f t e r  e x t r a c t i o n  i s  comple te ,  t a i l i n g s  
can  e a s i l y  b e  removed through a v a l v e  on t h e  bot tom of  t h e  c e l l .  The 
v a l v e  a l s o  p e r m i t s  easy  c l e a n i n g  o f  t h e  ce l l .  The i m p e l l e r  speed i s  
c o n t r o l l e d  by a v a r i a b l e  speed f r a c t i o n a l  horsepower motor and i s  
measured by a tachometer  mounted on t h e  i m p e l l e r  d r i v e  s h a f t .  The 
i m p e l l e r  i t s e l f  is e a s i l y  removed so t h a t  d i f f e r e n t  s i z e s  and shapes  
can  be  used i f  d e s i r e d .  

The bi tumen y i e l d  i n  t h e  pr imary  e x t r a c t i o n  s t e p  w a s  known t o  
be  a f u n c t i o n  o f  s t i r r i n g  t i m e  and i m p e l l e r  speed f o r  some t y p e s  of 
t a r  sand (3,6,8). Experience w i t h  t h e  u n i t  h a s  shown t h a t  f o r  t h e  
t i m e s  and speeds  g i v e n  i n  t h e  procedure ,  t h e  y i e l d  i s  r e l a t i v e l y  
i n s e n s i t i v e  t o  t h e s e  e f f e c t s  and e r r o r s  r e s u l t i n g  from s m a l l  d e v i a t i o n s  
a r e  i n s i g n i f i c a n t .  When u s i n g  a s t a n d a r d  procedure  t h e  u n i t  i s  i d e a l l y  
s u i t e d  f o r  s t u d y i n g  p r o c e s s i b i l i t y  d i f f e r e n c e s  due t o  t a r  sand compo- 
s i t i o n ,  t h e  amount  and type  o f  p r o c e s s  a i d  and o t h e r  chemica l  a d d i t i v e s .  

commercial u n i t s  can  r e a d i l y  b e  c a r r i e d  o u t ,  normally o n l y  pr imary 
bitumen recovery  i s  used i n  p r o c e s s i b i l i t y  s tud ies . .  The secondary 
recovery  s t e p  i s  m o r e  e f f i c i e n t  t h a n  commercial u n i t s  and g i v e s  h i g h e r  
r e c o v e r i e s .  

Although a secondary recovery  s t e p  s imi l a r  t o  t h a t  p r a c t i s e d  i n  

EXPERIMENTAL 
Procedure I 

Lab S c a l e  S imula t ion  o f  t h e  H o t  Water E x t r a c t i o n  P r o c e s s  
Apparatus ,  Reagents ,  Materials: 

1. Batch E x t r a c t i o n  U n i t  and r e l a t e d  components. The assembly i s  

2 .  Cons tan t  Temperature  Water Bath,  main ta ined  a t  18OoF (82OC). 
d e s c r i b e d  i n  F i g u r e s  1, 2 ,  and 3 .  

A pump a l l o w s  w a t e r  t o  be  c i r c u l a t e d  from t h e  b a t h  t o  a j a c k e t  
sur rounding  t h e  s t a i n l e s s  steel p o t .  

3 .  Timing Device, h o t  p l a t e  and d i s t i l l e d  w a t e r .  

Procedure:  

1. Assure a l l  a i r  and w a t e r  c o n n e c t i o n s  are s e a l e d .  A l l o w  w a t e r  from 
t h e  b a t h  t o  c i r c u l a t e  th rough t h e  sur rounding  j a c k e t  of  t h e  u n i t .  

2 .  Heat approximate ly  1500 m l  d i s t i l l e d  water t o  195OF (90.5OC) on a . 
h o t  p l a t e .  Homogenize a q u a n t i t y  of  t h e  t a r  sand  under  tes t  as 
o u t l i n e d  i n  Procedure  I1 and submi t  t h r e e  r e p r e s e n t a t i v e  samples  
f o r  b i tumen/water / so l ids  a n a l y s i s  (Procedure  111). Co l l ec t  500 g 
of t h e  remain ing  sample and weigh to  t h e  n e a r e s t  0 . 1  g .  
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3. T r a n s f e r  150 m l  o f  t h e  h o t  w a t e r  t o  t h e  s t a i n l e s s  s t ee l  p o t .  
L o w e r  t h e  motor and i m p e l l e r  assembly t o  i t s  lowes t  p o s s i b l e  
p o s i t i o n  on t h e  s h a f t  r o d  and t u r n  on. 
w a t e r  on t h e  h o t  p l a t e  to  c o o l  t o  180°F ( 8 2 O C ) .  ( I m p e l l e r  - t" 
from t h e  b o t t o m ) .  

4 .  Add t h e  500 g t a r  sand  sample t o  t h e  p o t .  Wi th in  as l i t t l e  t i m e  
a s  p o s s i b l e :  
a )  Raise and lower t h e  motor assambly t o  break  up tar  sand lumps 

A l l o w  t h e  remain ing  

p r e s e n t  and leave t h e  assembly t w o  no tches  above t h e  lowest one .  
( I m p e l l e r  3/4" above t h e  bottom of  t h e  v e s s e l ) .  

b )  Adjust mixer t o  6 0 0  rpm. 
c )  Turn on a i r  f l o w  and a d j u s t  t o  approximate ly  465 cc/min on t h e  

d )  I n i t i a t e  t i m e r .  
Mix i n  t h i s  manner f o r  10  minutes .  

5. When complete ,  t u r n  t h e  a i r  supply  o f f  and f l o o d  t h e  m i x t u r e  w i t h  
approximate ly  1 0 0 0  m l  of  180°F (82OC) water,  t h u s  b r i n g i n g  t h e  
f r o t h  l e v e l  t o  t h e  t o p  of  t h e  p o t .  Mix f o r  a n  a d d i t i o n a l  1 0  minutes  
a t  600 rpm. ( N o  a i r ) .  

6 .  Cease mixing and skim as much pr imary f r o t h  as p o s s i b l e  from t h e  
t o p  of t h e  p o t  w i t h  t h e  s p e c i a l l y  d e s i g n e d  s p a t u l a .  Co l l ec t  t h e  
f r o t h  i n  a 4 oz sample b o t t l e  and submi t  f o r  b i tumen/water / so l ids  
a n a l y s i s .  (Procedure  111) . 
5 minutes  a t  800 rpm w h i l e  a e r a t i n g  a t  approximate ly  2 3 2  cc/min. 
C o l l e c t  secondary  f r o t h  i n  t h e  same manner and submi t  f o r  a n a l y s i s .  
(Procedure  111). 

and i m p e l l e r  w i t h  t o l u e n e .  When s h u t  down, i n s u r e  t h a t  t h e  c i r -  
c u l a t i n g  w a t e r  pump and a i r  f low a r e  t u r n e d  o f f .  

flowmeter . 

7. F o r  recovery of  Secondary f r o t h  mix t h e  remaining ma te r i a l  f o r  

8. Drain t h e  r e s i d u a l  material  from t h e  bot tom v a l v e  and wash t h e  p o t  

Come n t s 
1. Res idua l  m a t e r i a l  h e l d  i n  t h e  s t a i n l e s s  s tee l  p o t  a f t e r  r e c o v e r y  o f  

t h e  secondary f r o t h  may b e  d i f f e r e n t i a t e d  a s  e i t h e r  secondary  
t a i l i n g s  or pr imary  t a i l i n g s  i n  t h e  f o l l o w i n g  manner: Allow t h e  
mixture  t o  set t le  one minute  from t h e  t i m e  mix ing  and a e r a t i o n  
ceases. Decant t h e  aqueous phase and denote  as secondary  t a i l i n g s .  
The remaining h e a v i e r  p a r t i c l e s  are termed pr imary t a i l i n g s .  O i l  
losses t o  t h e  pr imary  and secondary t a i l i n g s  may be o b t a i n e d  from 
bi tumen/water / so l ids  a n a l y s e s  o f  t h e  samples .  

Procedure I1 

S u b d i v i s i o n  o f  Bulk T a r  Sand Samples f o r  Subsequent  A n a l y s i s  
Apparatus ,  Reagents ,  M a t e r i a l s :  

1. Polye thylene  s h e e t ,  approximate ly  3 f e e t  s q u a r e  (1 m ) .  

2.  S p a t u l a ,  w i t h  1 2  i n c h  (30.5 c m )  s t a i n l e s s  steel b l a d e .  A handle  

2 

welded i n  p l a c e  t o  t h e  c e n t e r  of  c u t t i n g  edge f a c i l i t a t e s  u s e .  
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Procedure:  

1. Empty bulk  sample ( i d e a l  weight  = 3000 g )  o n t o  t h e  p o l y e t h y l e n e  

2 .  

3 .  Combine t w o  o p p o s i t e  c o r n e r s .  

4 .  Repeat t h e  chopping,  q u a r t e r i n g ,  and combining procedure  as o u t l i n e d ,  

s h e e t .  Remove s t o n e s  g r e a t e r  t h a n  % i n c h  (6 .5  m) i n  any dimension.  
Chop t h e  t a r  sand  f o r  a p e r i o d  of t i m e  e n s u r i n g  a l l  p a r t i c l e s  to  
be  l e s s  t h a n  % i n c h  (6.5 nun) d i a m e t e r .  P i l e  and q u a r t e r  t h e  mixture .  

twice  a g a i n .  
i n  any dimension.  

4 oz sample j a r  and submi t  f o r  a n a l y s i s .  S t o r e  t h e  remain ing  tar  
sand i n  a t i g h t l y  capped b o t t l e  a t  40°F. 

R e s u l t a n t  p a r t i c l e s  should  n o t  exceed 1 /8  i n c h  ( 3  n d  

5. T r a n s f e r  approximate ly  50 g t a r  sand from t h e  l a t t e r  p i l e  t o  a 

Procedure I11 

Determina t ion  of Bitumen/Water/Solids Content  of T a r  Sand,  F r o t h ,  
Middl ings and T a i l i n g s  Samples 

Procedure:  

The sample i s  s e p a r a t e d  i n t o  bitumen, w a t e r ,  and s o l i d s ,  by 
r e f l u x i n g  w i t h  t o l u e n e  i n  a s o l i d s  e x t r a c t i o n  a p p a r a t u s  (10). 
Condensed s o l v e n t  and c o - d i s t i l l e d  water are c o n t i n u o u s l y  
s e p a r a t e d  i n  a t r a p ,  t h e  w a t e r  b e i n g  r e t a i n e d  i n  t h e  g r a d u a t e d  
s e c t i o n .  The s o l v e n t  r e c y c l e s  through t h e  e x t r a c t i o n  th imble  to  
f u r t h e r  d i s s o l v e  t h e  bitumen. The b i tumen/so lvent  and non- 
f i l t e r a b l e  s o l i d s  f r a c t i o n s  a r e  subsequent ly  s e p a r a t e d  by c e n t r i -  
fug ing .  An a l i q u o t  of  t h e  r e s u l t a n t  bitumen e x t r a c t  i s  evapora ted  
t o  remove t h e  s o l v e n t .  The weight  of  bitumen w a t e r  and s o l i d s  i s  
determined g r a v i m e t r i c a l l y .  

NaOH a s  a P r o c e s s  Aid 

I t  w a s  recognized  very  e a r l y  i n  s t u d i e s  on t h e  h o t  w a t e r  e x t r a c t i o n  
p r o c e s s  t h a t  t h e  a c i d i t y  o r  a l k a l i n i t y  o f  t h e  t a r  sand had an i m p o r t a n t  
e f f e c t  on t h e  e f f i c i e n c y  o f  t h e  s e p a r a t i o n  (1). S t r o n g  i n o r g a n i c  b a s e s ,  
when added i n  s m a l l  q u a n t i t i e s ,  g e n e r a l l y  improved t h e  s e p a r a t i o n  
e f f i c i e n c y .  S e p a r a t i o n  e f f i c i e n c y  w a s  a l s o  t h o u g h t  t o  be dependent  upon 
t h e  c o n c e n t r a t i o n  of  c e r t a i n  s u b s t a n c e s  which were p r e s e n t  i n  t h e  t a r  
sand and d i s s o l v e d  or became suspended i n  t h e  water phase  d u r i n g  
s l u r r y i n g  ( 2 , 3 ) .  Bowman (11) i s o l a t e d  some o f  t h e  d i s s o l v e d  o r g a n i c s  
by foam f r a c t i o n a t i o n  technique  and showed t h a t  t h e  materials w e r e  
s u r f a c e  a c t i v e .  Bitumen/water, air/water and a i r / b i t u m e n  i n t e r f a c i a l  
t e n s i o n s  were measured and a thorough d i s c u s s i o n  o f  t h e  t h e o r e t i c a l  
i m p l i c a t i o n s  of changes i n  i n t e r f a c i a l  t r a n s f o r m a t i o n s  was p r e s e n t e d .  
A s i m i l a r  d i s c u s s i o n ,  from a thermodynamic approach w a s  g i v e n  by Leja  
and Bowman (12). The b a t c h  e x t r a c t i o n  u n i t  d e s c r i b e d  h e r e  w a s  used  to 
s t u d y  t h e  r e l a t i o n s h i p  between i n o r g a n i c  b a s e s  and s u r f a c t a n t s  i n  
p r o c e s s  streams. 

A t y p i c a l  p l o t  ( 8 )  showing t h e  r e l a t i o n s h i p  between added N a O H  and 
bitumen r e c o v e r e d  i n  t h e  pr imary s e p a r a t i o n  s t e p  i s  shown i n  F i g u r e  4 .  
A s  expec ted ,  t h e r e  i s  a cor responding  i n c r e a s e  i n  t h e  pH of  t h e  aqueous 
t a i l i n g s .  L e s s  obvious ly ,  a s  t h e  amount of NaOH used  i n c r e a s e s ,  t h e r e  
i s  a lso a s t e a d y  d e c r e a s e  i n  t h e  s u r f a c e  t e n s i o n  o f  t h e  secondary 
t a i l i n g s  and a cor responding  i n c r e a s e  i n  t h e  o r g a n i c  carbon c o n t e n t  of 
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t h e  samples ( F i g u r e  5 ) .  T h i s  e s t a b l i s h e s  a connec t ion  between s u r f a c t -  
a n t s  i n  t h e  w a t e r  and N a O H  used  d u r i n g  h o t  w a t e r  e x t r a c t i o n  of bi tumen 
from t a r  sand. F u r t h e r  c o n f i r m a t i o n  was o b t a i n e d  on t i t r a t i n g  samples  
of  t a i l i n g s .  T i t r a t i o n  c u r v e s  are g i v e n  i n  F i g u r e  6 .  A l l  t a i l i n g s  
samples  e x h i b i t e d  an end  p o i n t  c h a r a c t e r i s t i c  of sodium oleate soap .  
Only a t  0 . 0 5 6  w t %  NaOH is  t h e r e  a n  end p o i n t  which might  be  due t o  
NaOH . 

These d a t a  show t h a t  NaOH n e u t r a l i z e s  o r g a n i c  bitumen a c i d s ,  t o  
g i v e  s a l t s  which are s u r f a c e  a c t i v e  i n  t h e  aqueous phase .  They f u r t h e r  
show t h a t  N a O H  r e s u l t s  i n  i n c r e a s i n g  bi tumen y i e l d .  To e s t a b l i s h  t h a t  
t h e  i m p o r t a n t  a g e n t  r e s p o n s i b l e  f o r  improved recovery  is t h e  s u r f a c t a n t s  
produced by c a u s t i c  a d d i t i o n ,  t a i l i n g s  samples  were c e n t r i f u g e d  t o  
remove s o l i d s  and c o n c e n t r a t e d  by e v a p o r a t i o n .  The c o n c e n t r a t e  w a s  
t h e n  added t o  t h e  n e x t  exper iment  such  t h a t  t h e  o r g a n i c s  i n  t o t a l  
aqueous t a i l i n g s  from o n e  r u n  would b e  p r e s e n t  i n  t h e  s l u r r y  w a t e r  o f  
a second run .  The d a t a  i s  g i v e n  i n  Table  I .  The s u r f a c t a n t s  r e c o v e r e d  
from t a i l i n g s  are as e f f e c t i v e  as NaOH i n  improving recovery ,  showing 
t h a t  s u r f a c t a n t s  a r e  i n d e e d  t h e  a c t i v e  p r o c e s s  a i d .  With r e p e t i t i v e  
r e c y c l e  t h e  e f f e c t i v e n e s s  of c o n c e n t r a t e d  t a i l i n g s  d e c r e a s e s ,  p robably  
due t o  losses i n  h a n d l i n g  and through t h e  format ion  o f  s a l t s  w i t h  
b i -  and t r i v a l e n t  m e t a l s  p r e s e n t  i n  t a i l i n g s  streams. Table  I a l s o  
shows t h a t  commercial s u r f a c t a n t s  can  be used as w e l l  a l t h o u g h  t h e s e  
a r e  n o t  economical ly  c o m p e t i t i v e  w i t h  NaOH a t  t h i s  t i m e  f o r  commercial 
u s e .  

TABLE I 

E f f e c t  o f  S u r f a c t a n t s  on Bitumen Recover ies  i n  
t h e  H o t  Water E x t r a c t i o n  Process  

Condi t ions  Bitumen Recover ies  
Primary F r o t h  

N o  Addi t ive  

NaOH: 0.04 w t %  o f  T.S. 

Concent ra ted ,  c e n t r i f u g e d  t a i l i n g s  

6 1  

88 

87 

N o  Addi t ive  

NaOH 

Tide  

0 .008  w t %  of T.S. 
0.024 w t %  o f  T.S. 

0.020 w t %  o f  T.S. 
0.100 w t %  o f  T.S. 

N a  O l e a t e  0 . 0 2 0  w t %  o f  T.S. 
0.100 w t %  of T.S. 

7 1  
8 1  
9 1  
82 
89 

70 
83 

L i g n o s u l f o n a t e  n i l  
HCX 0.020 w t %  of T.S. 

0.100 w t %  o f  T . S .  

35 
58 
7 4  
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Conclus ions  

a t o r y  s c a l e  b a t c h  e x t r a c t i o n  u n i t  have been d e s c r i b e d .  U t i l i z i n g  t h i s  
u n i t ,  i t  h a s  been  shown t h a t  NaOH, when used  a s  a p r o c e s s  a i d  f o r  tar  
sand  p rocess ing ,  r e a c t s  w i t h  components of  bitumen t o  form s u r f a c t a n t s  
and t h a t  t h e s e  s u r f a c t a n t s  are t h e  pr imary  a g e n t  r e s p o n s i b l e  f o r  
improved bitumen recove ry .  
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